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Abstract 
Fission yield has been calculated notoriously by two calculations approach, macroscopic approach and 
microscopic approach. This work will proposes another calculation approach which the nucleus is 
treated as a toy model. The toy model of fission yield is a preliminary method that use random number 
as a backbone of the calculation. Because of nucleus as a toy model hence the fission process does not 
represent real fission process in nature completely. Fission event is modeled by one random number. 
The number is assumed as width of distribution probability of nucleon position in compound nuclei 
when fission process is started. The toy model is formed by Gaussian distribution of random number 
that randomizes distance like between particle and central point. The scission process is started by 
smashing compound nucleus central point into two parts that are left central and right central points.  
These three points have different Gaussian distribution parameters such as mean (μCN, μL, μR), and 
standard deviation (σCN, σL ,σR). By overlaying of three distributions, the number of particles ( NL, NR) that 
they are trapped by central points is obtained. This process is iterated until ( NL, NR) become constant 
numbers. The yield is determined from portion of nuclei distribution which is proportional with portion 
of mass numbers. Smashing process is repeated by changing σL  and σR randomly 
 
Introduction  
 
Knowledge on nuclear fission is needed for large range of applications such as production of neutron-
rich radioactive beams, neutron spallation sources, nucleosynthesis [1], design of Gen IV [2] and 
accelerator-driven systems [3-6]. There are several systematic of fission yields such as Wahl’s systematic 
[7], Moriyama-Ohnishi [8], and Katakura [9]. These methods are developed by semi empirical technique, 
the fission yield curves (FYC) are modeled by several Gaussian functions. Single peak FYC is modeled by 
one Gaussian function, double peak use two Gaussian function. The parameters of function such as 
mean, standard deviation are fitted with data. This method has a weakness that is strongly depending 
on data. Without the data, FYC are not produced.  Another approach that they do not use semi empirical 
are micro and macro approach. Fission yield has been calculated notoriously by these approaches that 
are macroscopic approach [10-11] and microscopic approach [12-15].  
Microscopic approach treats fission process at low energy as adiabatic system.  Collective motion of the 
system can be described in terms of few collective variables characterizing the shape evolution of 
nucleus that is mass axial deformation. This parameter is needed to calculate flux that went through 
scission line.  Fragment mass distribution is dependent upon this flux.  
 
 
Macroscopic approach uses Brossa model [16] as base model, fragment mass distribution is calculated 
by Gaussian distribution where rupture neck position is determined by random process. This model is 
called Random Neck Rupture Model (RNRM). RNRM is widely used to obtain fragment mass distribution. 
There is another microscopic approach which it uses random number. This method is called Fission Toy 
Model (FTM). As a toy, the model does not represent real fission process in nature. Base on toy model, it 
can be expected there is an analogy between the model and real fission process in nature. Fission Toy 
Model (FTM) is a model that uses Monte Carlo as basic technique to obtain fission yield curve.  Although 
FTM uses Monte Carlo but then FTM is not real fission process as well as FREYA (Fission Yield Event Yield 
Algorithm) [17] and prompt gamma emission [18]. FTM is preliminary study about application of Monte 
Carlo to calculation of mass distribution from fission process. There is no microscopic interaction 
between nucleons; the interaction is simulated by distribution of nucleons in nucleus. The FTM treats 
nucleus as a toy that has A marbles, which the interaction among marbles is neglected. In the FTM, 
marbles are influenced by central force. Because of this force, marbles are distributed. In order to FTM is 
simply model, in this paper the Gaussian distribution is adopted to illustrate marbles distribution where 
there is no connection between FTM and Fermi gas model of nucleus [19]. FTM assumes marbles as 
nucleons that they have attribute as ideal gases. Standard deviation of marble distribution is pictured by 
another distribution curve that it called Standard Deviation Force Distribution – (SDFD). The SDFD must 
not have Gaussian form. The frequency in SDFD represents numbers of fission events. Each event is 
correspondingly with one standard deviation force (SDF) value. Particles are distributed by Gaussian 
distribution which SDF value as standard deviation of this particle distribution. 
 
The Model 
After projectile hit the toy nucleus, the central force is smashed into two forces. These forces are called 
left center force (LCF) and right center force (RCF). LCF and RCF avoid each other by relative velocity v. 
LCF and RCF are illustrated by two Gaussian particle distribution with 𝜇𝐿 , 𝜇𝑅 ,  𝜎𝐿 ,𝜎𝑅 as parameters. 
These are mean and deviation standard of LCF and RCF respectively. The parameters have value 
randomly hence intersection point of two Gaussian distribution also in random situation. Illustration 
about distribution function overlapping is shown below, 
 
 
Figure 1. Distribution function overlapping in toy fission process 
 
 
Figure 1 shows that two central forces avoid each other. LCF moves left and RCF moves right. At the  
𝑅𝑐 − 𝜖 point, marbles in this region interact with LCF; conversely marbles will interact with RCF if they 
are in  𝑟 ≥ 𝑅𝑐 + 𝜖 region. Intersection point  𝑅𝑐   can be calculated by 
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In order that agree with normalization condition, it needs relation  
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 If equation (2) is multiplied by number of marbles A, the composition of marbles distribution is known  
that is  
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𝑁𝐿   and  𝑁𝑅   are number of marbles in left part and right part respectively.  Explicitly, 𝑁𝐿   and  𝑁𝑅   are 
dependent upon position of center of LCF and RCF.  At maximum elongation, composition of marbles 
distribution moves to constant values. Iterative formula of this composition has form  
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where  
𝐺 =  
1 − 𝐺21 1 − 𝐺22
0.5 𝑒𝑟𝑓  
𝑅𝑐 − 𝜇𝑅
 2𝜎𝑅
 + 0.5 0.5 𝑒𝑟𝑓  
𝑅𝑐 − 𝜇𝐿
 2𝜎𝐿
 + 0.5
                                (6) 
𝑋𝑘 =  
𝑁𝑅
𝑁𝐿
                                                                                         (7) 
 
 
 
Simplest model is constant value of 𝜇𝐿 , 𝜇𝑅 . In this work this parameters is calculated by formula  
𝜇𝐿 = −𝛾𝑅𝛼       (8a) 
𝜇𝑅 = 𝛾𝑅𝛼       (8b) 
 
𝑅 is nucleus toy radius 𝑅 = 𝑟.𝐴1/3 where  𝐴 is nucleus toy mass number. 𝛾, 𝛼 are coefficient  and 
random number respectively. Each fission event is symbolized by  𝛼 number.  
The work flow diagram of FTM is showed by figure 2 below, 
 
Figure 2. Work flow diagram of FTM 
It is useful if SDFD had been created before FYC calculation is started. This algorithm is suitable if there is 
correlation between energy of real fission event and SDFD. The modification is shown by figure 3 below 
 
Figure 3. Work flow diagram of FTM modification 
 
 
 
 
Results 
This work will illustrates the fission process of A=238 nuclide toy. Neutron toy at energy 𝐸𝑜  hits the 
nuclide, which divides into two lighter nuclides. Each fission process is initiated by constructing central 
forces that are LC force and RC force. These forces are figured by distribution of marbles. The force 
strength is illustrated by 𝜎,  smaller 𝜎 value gives higher  force strength. 𝜎 value does not have 
formulation directly to  force strength. Figure 4 shows illustration of 𝜎 distribution. 
 
 
Figure 4.  𝜎  Distribution of LC force and RC force (SDFD) (left) and Fission yield curve (right)  . 
This distribution is obtained from 2.4e+05 fission events.  𝜎 gives information about marbles distribution 
around the RC or LC position.  Highest 𝜎  population is about 20 units, it has meaning that the marbles 
are distributed dominantly around central point with deviation is 20 units.  Base on figure 1 (there is 
highly domination of single 𝜎 value), It can be said that the fission is not focused at asymmetrical fission 
yield, the left and the right  𝜎  distributions are almost identical. This distribution gives fission yield curve 
as figure 4 showed above.  
In order to clarity of illustration is obtained, figure 5  (left)  displayed another situation.  Fission process 
is dominated by asymmetrical fission yield.  
 
Figure 5.  Another 𝜎  distribution of LC force and RC force  (SDFD) (left) and two peaks fission yield curve 
(right)  . 
 
 
The  𝜎  distribution does not have symmetrical shape. In 𝜎 > 20 region the curve more steep than left 
region.  Figure 5 (left) is generated by 2e+05 fission events, in these events there are variation of 𝜎 
values which left 𝜎 and right 𝜎  have different values in same event.  The different value in same event 
gives different distribution of marbles hence asymmetrical  𝜎  distribution causes fission yield curve has 
two peaks.  If in figure 5 (left) 𝜎 distribution is added another distribution curve that it has more incisive, 
the fission yield curve will has three peaks. This condition is shown figure 6 below, 
 
Figure 6.  Another 𝜎  distribution of LC force and RC force (left) and three peaks fission yield curve (right)   
Incisive distribution gives narrowly marble opportunity to make more variation of 𝜎 value hence fission 
yield is dominated by symmetrical result. Another modification is made by adding combination between 
two 𝜎 distributions. For example, figure 7 (left) shows combination two different distributions.  
   
Figure 7.  Another 𝜎  distribution of LC force and RC force (left) and four peaks fission yield curve (right). 
Figure 7 (left) demonstrates the two different shapes of 𝜎  distributions, there are two differentiations 
between LC and RC that are mean (𝜇𝜎) and standard deviation (𝑠𝑡𝑑𝜎) of 𝜎. By smaller 𝜇𝜎  value, 
marbles are distributed about central whereas smaller 𝑠𝑡𝑑𝜎  cause’s marbles are trapped in short 
distribution. The LC curve in figure 7 (left) does not have same shape with figure 4 (left). Although they 
have sharp shape in 𝜇𝜎  position, LC 𝜎 distribution from figure 7 (left) has narrow curve at bottom 
frequency.  By this condition, asymmetrical fission product emerges.  The RC 𝜎 distribution in figure 7 
(left) has similar curve pattern with figure 5 (left).  Both of distributions gives two peaks approximately 
around A = 70 and A = 170.   
 
 
 
Figure 8 shows the convergence of the FTM. Figure 8 (left) and figure 8 (right) are obtained by 2.103 
iterations and 5.104 iterations respectively.  
 
Figure 8. Fission yields are obtained by 2.103 iterations (left) and 5.104 iterations (right). 
This figure shows clearly that more iteration will give better results. The 𝛾 values in equation 8 strongly 
influences on 𝑅𝐶 , then  smaller 𝛾 values gives smaller range of 𝜇, through this condition equation (1) is 
changed into 
𝑅𝑐 =
 −2 1
𝜎𝐿
2 −
1
𝜎𝑅
2   0.5 
𝜇 𝐿
𝜎𝐿
 
2
−0.5 
𝜇 𝑅
𝜎𝑅
 
2
−𝑙𝑜𝑔  
𝜎𝑅
𝜎𝐿
  
 1
𝜎𝐿
2 −
1
𝜎𝑅
2  
       (9) 
  
If 𝛾 values very small then equation (9) becomes 
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If 𝜎𝐿  and 𝜎𝑅 are distributed around one value then 𝑅𝑐  is distributed at very high value. Based on figure 1, 
the situation will gives asymmetrical FYC. On contrary, if  𝛾 is very high value then 𝑅𝑐  will be distributed 
at zero, hence this will gives symmetrical FYC.  Figure 9 below shows these results,  
 
Figure 9. FYC results that they are calculated from various 𝛾 values 
Figure 9 demonstrates FYC of toy nuclide with A=238 results from various 𝛾 values. From left to the 
right, 𝛾 values are 0.1, 0.5, 1.0, 1.5, and 2.  
 
 
Figure 10 shows comparison between FTM result and FTM modification result 
 
Figure 10. These are fission yields of 238-toy nuclide, left figure is taken from FTM  and   
right figure is calculated from FTM modification. 
Because of numerical approach, the FTM does not similar with FTM modification. The discrepancies are 
caused by interpolation of SDFD. In this step, there are errors form calculations of SDF. The errors are 
propagated through next steps; hence the results have discrepancies as shows by the figures. Even 
though there are some discrepancies, but the pattern of these figures are similar. The figures below 
show the influence of curve fitting in SDFD reproduction. 
 
Figure 11. The SDFD of whole process, left figure is original SDFD,  
right one is produced by FTM modification 
 Figure 11 show clearly that there are some errors from SDFD curve fitting step especially in center of 
curves. These discrepancies cause error propagation is multiplied; hence the fission yield is obtained as 
showed by figure 10. 
 
Conclusions 
The four figures (figure 4, 5, 6, and 7) have shown that 𝜎 distribution strongly influences to fission yield 
curve.  The influences of 𝜎 distribution to fission yield curve can be reported as follows: 
a. Higher 𝜇𝜎  gives longer distance between two peak 
b. Sharper of 𝜎 distribution curve produces two kinds of fission yield curve, firstly if it has narrow 
curve at bottom frequency then fission yield is dominated by asymmetrical fission with two 
peaks. Secondly if it likes perturbation at blunt distribution then sharp distribution contributes 
at symmetrical fission process. 
 
 
c. If 𝜎𝐿  distribution is significantly different from 𝜎𝑅 then fission yield curve will have asymmetrical 
results.   
Furthermore in order to obtain information comprehensively, mathematical formulation of LC and RC 
must be entangled.  
There are two conclusions about variation of 𝛾 values that are: 
a. 𝛾 Value strongly influences to FYC, smaller 𝛾 gives asymmetrical FYC and higher 𝛾 gives 
symmetrical FYC. 
b. In real fission event, higher energy gives almost similar result with 𝛾=1.5. 
The FTM modification algorithm gives two conclusions: 
a. The algorithm can be implemented in calculation of fission yield if SDFD is available.  
b. The curve fitting must be avoided.  
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